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Abstract—This paper presents work under a Small Business In-
novation Research Phase I grant to Particle Beam Lasers, Inc.
and Brookhaven National Laboratory to develop a passive super-
conducting shield as an alternative to the present design of an
active shield with superconducting coils. This shielding provides
a nearly field-free region for the electron beam near the high-
gradient quadrupole for the proton beam in the interaction region
(IR) of the proposed electron ion collider. Several materials are be-
ing examined for this shielding—tubes of low- or high-temperature
superconductors (LTS or HTS), LTS sheets, and HTS tapes. Sup-
plementing this shielding is an iron ring between the supercon-
ducting shield and beam tube to counter any decay in shielding
currents. If successfully developed, demonstrated, and shown to be
compatible with the magnet designs of all the IR magnets, this tech-
nique will provide an economical and technically excellent solution
that reduces the need to operate IR magnets at higher current. This
paper will summarize the latest design studies and test results both
at 77 K for the shielding by the bulk-HTS tube and at 4 K for the
shielding by tubes of HTS or LTS.

Index Terms—Superconductive passive shield, electron ion
collider, interaction region magnets, HTS shield, LTS shield.

I. INTRODUCTION

THE proposed Electron-Ion Collider (EIC) could solve mys-
teries of the atomic nucleus by colliding high energy elec-

tron beams with ion or proton beams [1]. Currently two sets
of designs are being considered for the Electron Ion Collider,
one proposed by Brookhaven National Laboratory (BNL) [2]
and the other by Thomas Jefferson National Accelerator Fa-
cility (JLAB) [3]. The Interaction Region (IR) magnets must
satisfy requirement that are unusual and challenging, in that the
electron beams travel very close to the proton or ion beam [4]
and must be shielded magnetically from the fringe fields of the
beamline magnets that bend and focus that beam. A Phase I
SBIR to PBL and BNL has been funded to develop a passive
superconducting shield, as an alternate to the present design of
an active shield with superconducting coils [5].
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The basic principle of superconducting shielding is that cur-
rents induced in the conductor per Lenz’s Law oppose the
change in field. In superconductors, these opposing currents
persist, in principle, forever. If the capability of the supercon-
ductors is adequate (critical current density decreases with field
and temperature) and the geometry allows a path for the in-
duced currents to oppose the change in field, the field inside the
shielded region will not change.

Superconducting shielding has been applied in various ap-
plications, such as the g-2 experiment [6], a cloak experiment
[7], and proposed for a high field septum magnet for the Fu-
ture Hadron Collider [8]. The challenge for this application is
to shield the field of a high-gradient quadrupole without appro-
priating much space. The method was considered [9], but never
applied, for shielding the HERA electron beam from the dipole
field of the HERA B detector. The benefit of demonstrating this
technique will be significant, as it will lower the current required
in the high field quadrupole and possibly increase the luminosity
of the EIC. The geometric advantage for cold shielding is that
it needs relatively little radial space.

II. MAGNET DESIGN

Shielding will benefit magnet designs in the EIC IR magnets
of both BNL and JLAB proposals. Various superconductors suit-
able for this application will be discussed in the next section.
To provide shielding against any transient or decay of shield-
ing currents inside the superconductors, we propose to add a
small ring of ferromagnetic material inside the superconducting
shield.

The most critical quadrupole that needs shielding is closest
to the interaction point for focusing the proton beam in the front
end. Fig. 1 shows the cross-section of the BNL design Q1PF [5],
with 96-mm-aperture Nb3Sn superconducting coils providing a
field gradient of 140 T/m, and a cutout in the iron yoke provid-
ing passage for the electron beam. The electron beam will be at
an angle of 20-25 mrad with respect to the proton beam. The
passive superconducting shield is within the cutout, along with
an iron ring inside. The bottom picture shows the field contour
inside the cutout region, with the passive superconducting shield
simulated together with a passive magnetic shield 1 mm thick.
The computed maximum field in the upper-left corner is about
0.72 T; in the shielding region, it is about half this. This can be
shielded by a modest thickness of superconducting shield made
of either LTS sheet or HTS tape, as per the initial preliminary
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Fig. 1. Magnetic design of the quadrupole with iron yoke and superconducting
shield. Top: Cross-section of the upper half of the magnet. Center: Details of the
cutout, including passive superconducting shield and passive magnetic shield.
Bottom: Field in the cutout region. Additional passive magnetic shielding will
ensure that the residual field and field due decaying screening currents of the
superconducting shield remain small.

Fig. 2. Magnitude of the field on the horizontal axis at ∼168 T/m in the Q1PF
quadrupole with shielding, showing near-zero field in the region of interest.

magnetic simulations. The magnitude of the field on the hor-
izontal axis is plotted in Fig. 2. The field becomes essentially
zero inside the shielded region traversed by the electron beam.

Fig. 3. Bi2223 tube provided by CAN superconductor [10]. The tube and test
holder will be inserted inside the bore of a coil providing background field.

III. SHIELDING MATERIAL

Several superconducting shielding materials are being con-
sidered for this application. Because the magnet itself is planned
to be operated at ∼4.2 K, the shield automatically can be at that
temperature, allowing low temperature superconductors (LTS)
to suffice, in the form of either sheets (as already used in many
applications, for example g-2 [6]) or tube, as we have investi-
gated as part of this program. HTS can be tapes or tube. HTS
can be either Bi2223, a first-generation (1G) superconductor, or
rare-earth barium copper oxide (ReBCO), a second-generation
(2G) material. A practical advantage of HTS is that an exper-
imental program in liquid nitrogen (LN2) is simpler and more
economical that in liquid helium.

IV. SHIELDING TESTS

This section presents superconducting shielding tests of HTS
in liquid nitrogen at 77 K and tests of both HTS and LTS shield-
ing in liquid helium at 4 K. For these investigations, HTS and
LTS tubes were provided to BNL by our collaborators at no cost.

Fig. 3 shows a Bi2223 (HTS) tube 80 mm long, ∼1.5 mm
thick and 10 mm inner diameter, provided by CAN SUPER-
CONDUCTORS, s.r.o., a Czech company [10].

Fig. 4, left, shows a tube made from the NiTi rod provided by
J. Parrell from Bruker [11], and (right) the NbTi rod provided
by H. Kanithi from Luvata [12], each bored axially with a ½"
(12.7 mm) drill. Both tubes were annealed at a temperature of
400 C for 4 hours in vacuum better than 10-5 torr by Qiang Li
at BNL [13].

A. Shielding Tests at 77 K

A practical advantage of HTS shielding is that its basic con-
figuration can be tested inexpensively at 77 K. For field-parallel
(axial) measurements, a copper coil was wound directly on
the Bi2223 tube [10] (see Fig. 5). Field-perpendicular (radial)
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Fig. 4. LTS tubes made from the NbTi rods provided by Bruker [11] (left)
and by Luvata [12] (right). The inner diameter of both tubes is 12.7 mm.

Fig. 5. Copper windings on the HTS tube to immerse it in a field that is
primarily axial.

Fig. 6. HTS coil to generate a field with a large radial component over much
of the volume of shielding tubes.

measurements utilized a short HTS coil of ∼100 mm bore
(Fig. 6).

The field at the center of the shielding tube is measured with
the tube in an ambient magnetic field. Fig. 7 shows the results
with the coil of Fig. 5, which provides a field that is primarily
axial, and with the coil of Fig. 6, whose field is primarily radial.
The tube shields the axial field more than the radial field.

Fig. 7 shows the results of two hysteresis runs. The field
inside the tube increases in step with the applied field once
the field has reached the maximum that the tube can shield.
When the applied field is decreased, the field inside the tube
initially remains unchanged, because shielding currents oppose
the change. Field inside the tube is trapped, leaving a residual
field when the applied field has become zero. The whole cycle
repeats itself for both cases.

B. Shielding Tests at 4 K

The left side of Fig. 8 shows tubes of HTS (black) and LTS
(copper clad) on a disc; the right side shows the two tubes

Fig. 7. Field at the center of the Bi2223 tube at 77 K with an ambient field
from coil 5 (primarily axial) and from coil 6 (primarily radial).

Fig. 8. Left: Disc with tubes of HTS (black) and LTS (copper-clad NbTi), and
a center tube holding a Hall probe on the axis of the disc. Right: The disc, with
three Hall probes, inside the superconducting coil for testing at 4 K.

inserted inside the field-applying HTS coil. The two supercon-
ducting shielding tubes are off-axis, with the center of each
tube located at r = 20 mm to 30 mm. Three Hall probes are
installed, two at the center of each tube and one at the center of
the HTS coil applying the background field. The shielding tube
measurements were performed at several temperatures ranging
from 4.2 K to 77 K; reported here are only the measurements
at 4 K.

The NbTi tube used in this shielding experiment was made
from the ∼20 mm diameter NbTi rod sent by Luvata [12]. It was
clad with ∼3 mm of copper and included a thin (<< 1 mm) Nb
barrier.

The 76 mm (3”) long tube was centered at the midplane of
the coil. The applied field across the volume of the tube was
far from uniform, varying across the radius and falling to nearly
zero at the ends of the tube. We define the applied field as its
maximum value.

Fig. 9 shows the field in the middle of this NbTi tube as a
function of the applied field; the NbTi tube shields completely
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Fig. 9. Field inside the NbTi tube as a function of applied field. The shielding
is complete up to ∼1.5 T, thereafter trapping field. Steps are due to quenches in
the NbTi tube, temporarily removing the trapped field trapped.

Fig. 10. Field inside the Bi2223 (HTS) tube as a function of the applied field.
The shielding is complete up to ∼0.12 T.

to about ∼1.5 T. Beyond that, the current density needed to fully
negate the applied field exceeds the superconducting properties
of NbTi, and the tube quenches. However, the NbTi tube re-
covers and becomes superconducting again, resisting changes
in field from 1.5 T; the tube traps field, as with the Bi2223 coil
of Fig. 7, even if the applied field is turned off. The tube also
resists further increases in field until the required current density
exceeds the critical current density at a field that is higher by
∼2.6 T – 1.5 T = 1.1 T. The second field increment is smaller
than the first because the critical current density decreases with
increasing field. The thicker the tube, the greater its ability to
shield fields, because the required current density decreases. Of
course, at fields exceeding the critical field of NbTi, the tube is
not able to provide any shielding at all, whatever its thickness.
The IR magnets of EIC need not shield a field as high as 1.5 T,
so a thinner shield should suffice.

Fig. 10 shows the shielding properties of the Bi2223 HTS
tube. Because the tube is much thinner (∼1.5 mm), it shields
much less (∼0.12 T). However, because the current density of
HTS at 4 K decreases very little with field, an HTS shield of
sufficient thickness could, in principle, shield fields even higher
than LTS.

V. FUTURE WORK

Having evaluated the shielding options provided by HTS and
LTS tubes, the next step will be to evaluate the shielding capa-
bilities of HTS tapes, which are more readily available. A more
extensive program will be carried out in Phase II, if funded.
This will include designing and testing the complete shielding
system (including the iron ring inside) in a magnet which simu-
lates more closely the expected EIC IR configuration (there is no
EIC IR model magnet available yet). We will evaluate numer-
ous options, including both HTS and LTS tubes and HTS tapes

and LTS sheets. We also will examine the long-term stability of
superconducting shielding and verify that decay or transient ef-
fects, if any, can be remediated with iron. We will also examine
the ends of the magnet and superconducting shielding, ensuring
that the overall solution is viable. The goal of the Phase II pro-
gram will be to demonstrate a fully developed solution that can
be used in the EIC and similar applications.

VI. DISCUSSION AND CONCLUSION

A first round of shielding experiments has been completed
with superconducting tubes as a part of an SBIR Phase I. Tubes
likely can shield a wide range of field shapes or distributions
anticipated in the region of interest in an EIC, including the end
region of the IR magnets. These tubes are very robust: NbTi is
robust inherently, and Bi2223 or ReBCO can be made so, by
the addition of a simple support tube; incorporating them in a
magnet should not pose any challenge. The experimental test
setup with single tube was simple. One can incorporate many
such tubes (multiple layers across the radius and/or length, or
perhaps staggered together) across the length.

The test results point to a promising solution for shielding the
electron beam from the fringe field of nearby high field mag-
nets, both quadrupoles and dipoles, in the EIC IR magnets. The
benefit of a passive shielding system (superconducting shield
with added iron ring inside) over an active superconductive coil
shield is that it should be simpler and cheaper and does not re-
quire any increase in magnet current to overcome the opposing
field created by the active shielding coils.
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[10] J. Plecháček, private communication. (2018). [Online]. Available: https://
www.can-superconductors.com

[11] J. Parrell, private communication. (2018). [Online]. Available: https://
www.bruker.com

[12] H. Kanithi, private communication. (2018). [Online]. Available: http://
www.luvata.com/waterbury

[13] Q. Li, private communication. (2018). [Online]. Available: https://
www.bnl.gov/cmpmsd/aem/people/profiles/liQiang.php

https://science.energy.gov/~/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf
https://science.energy.gov/~/media/np/nsac/pdf/2015LRP/2015_LRPNS_091815.pdf
https://www.bnl.gov/rhic/eic.asp
https://eic.jlab.org/wiki/index.php/Main_Page
https://eic.jlab.org/wiki/index.php/Main_Page
https://indico.bnl.gov/conferenceDisplay.py?confId=3492
https://indico.bnl.gov/getFile.py/access?contribId=28&sessionId=5&resId=1&materialId=slides&confId=3492
https://indico.bnl.gov/getFile.py/access?contribId=28&sessionId=5&resId=1&materialId=slides&confId=3492
https://indico.bnl.gov/getFile.py/access?contribId=28&sessionId=5&resId=1&materialId=slides&confId=3492
http://link.aps.org/doi/10.1103/PhysRevAccelBeams.20.041002
https://www.can-superconductors.com
https://www.can-superconductors.com
https://www.bruker.com
https://www.bruker.com
http://www.luvata.com/waterbury
http://www.luvata.com/waterbury
https://www.bnl.gov/cmpmsd/aem/people/profiles/liQiang.php
https://www.bnl.gov/cmpmsd/aem/people/profiles/liQiang.php


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


